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' — The  p2K>grsame  of  endurance  tests  on  flexLble  wii'e  rope  for  aircraft 
flying  controls  ahioh  were  devised  to  assess  the  effects  of  different  pulley 
sises.  oyoling  speeds,  rope  tensing  and  puU^  ?rap  angles  has  no'r  been 
ooapleted.  The  results  of  all  the  tests  (including  those  detailed  in  Intsfiin 
Rep^  are  given. in  thie-report.  In  addition  a 

description  is  given  of  a  neer  enduranee  test  maohine  which  has-been 
developed  for  routine  test  work. 
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1.  Introduction 

1*1  In  1962  a  mefflorandum  prepared  by  British  Standard  Institution  Technical 
CoBunittee  AC3513  (Cables  and  Wire  for  Aircraft)  indicated  that  it  had  been 
woiMng  07=  the  revision  of  existing  British  Standards  W.9  and  W.11  for 
flexible  wire  ropes  for  aircraft  controls  and  the  preparation  of  a  new 
standard  for  futuze  use,  on  the  lines  most  likeJ^  to  be  acceptable  as  an 
and  world  (l*S*0.)  Standard*  The  Comiaittee  had  also  decided  that 
both  the  revisions  and  the  new  standard  should  include  an  endurance  test, 
since  thi.s  is  a  requirement  of  the  equivalent  American  and  European 
(A.I*C*M«A*)  standards  and  also  because  of  the  higher  speeds  and  longer 
life  (in  terms  of  flying  hours)  of  modem  aircraft* 

The  racults  of  a  programme  of  work  done  on  the  endurance  testing  of 
wire  ropes  by  Hawker  Siddeley  (Havilland  Division)  Ltd* ,  under  conditions 
closely  similar  to  those  obtsiMng  in  aircraft  ocntrol  circuits,  indicated 
that  idle  Amerioan  and  European  (A*I*C*M*A»)  endurance  test  is  unree0.i8tio 
in  the  light  of  modem  airoraft  Installations*  B.S.I*  Teohnioal  Committee 
ACE/l3t  therefore,  agreed  on  the  prinoiplea  of  a  tiew  endurance  tost  method 
and  drew  up  a  programme  of  tests  to  provide  a  basis  for  suitable  test 
conditions  aMoh  would  more  olosely  simulate  actual  operating  conditions* 
A*I*D*  Laboratories  were  requested  to  carry  out  the  necessary  development 
work  to  provide  a  suitable  test  for  inclusion  in  the  relevant  British 
Standards  and  for  submission  to  I*S*0*,  to  A*I*C.M*A*  and  to  the  United 
States  for  possible  world  wide  adoption* 

1*2  In  view  of  the  foregoing,  the  work  covered  by  this  report  was  undertaken 
and  while  the  priaazy  objective  was  to  provide  a  new  endurance  test,  the 
programae  of  tests  was  also  designed  to  provide  the  maximum  amount  of  basic 
information  on  the  behaviour  of  flexlbls  wire  ropes  which  would  be  useful 
to  aizoraft  designers  aid  wire  rope  manufaoturers  and  users* 

The  complete  programae  of  tests  covered  27  vazylng  test  oonditions, 
with  at  least  6  separate  san^les  at  each  test  oondition*  In  August  1966 
an  Interim  zoport,  mstiber  AID/DEV/9V66,  covering  the  results  of  6  of  the 
27  test  series  was  issuedc  All  the  test  series  are  detailed  in  this 
report* 


1*3  The  flexible  wizo  zope  used  for  the  whole  pzogramme  of  tests  was 
apeoially  manufaotuzod,  in  a  continuous  6,000  feet  length,  to  draft 
British  Standaz^i  Speolfioation  W*000  (now  British  Stazidard  W.12)*  This 
leiigtU  of  rope  was  ^  inoh  diameter  and  was  lubricated  during  manufsotum 
with  Aeroshell  GSEASB  14,  anti-fret  lubzdoant*  (British  Speolfioation 
D*T*D,900/4609A,  us  speolfioation  MniL-G-25557A,  NATO  Code  No.  6-366). 
None  of  the  samples  used  wez<e  pretz«ated  in  any  way  before  testing* 


Desorii 


2*1  The  maohine  used  for  all  the  tests  is  illustrated  at  Photograph  A 
and  Piguzm  1  shews  the  wire  rope  cizwiit  and  pulley  axTangej^ents*  Pull 
details  of  the  maohine  mre  given  in  Heport  No*  AID/DBV/9^66.  A  second 
machine  was  built  and  used,  identioal  with  the  first,  except  that  it  was 
fitted  with  a  motor  and  reduction  gear  sxzitable  for  oyollng  speeds  of 
100  oyoles  per  min^zte* 
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2.2  All  the  pulleys  over  which  the  rope  was  reciprocated  were  manufac- 

tured  from  steel  heat  treated  to  give  a  hardness  of  Hv«700  (Rockwell  C*60 
and  ground  to  a  fine  finish  of  32  micro  inches  C.L.A.;  each  pulley  was 
mounted  on  standard  self  aligning  ball  bearing  as  used  in  aircraft  control 
systems.  Pulleys  A,  B  and  C  were  4*5  inches  in  diameter  and  were  used 
throu^out  the  testa  while  pulleys  D,  E,  ?,  &  and  H  were  either  2.25,  2.5 
or  2.75  inches  diameter  as  required  by  the  test  progreunme;  these  three 
di5uaetera  are  equivalent  to  I8d.  20d  or  22d,  (where  d  is  the  nominal 
diameter  of  the  rope  under  test).  The  rope  groove  in  all  8  pulleys  was 
0.0672  radius,  ground  to  an  envelope  tolerance  of  +  0.001 

inch  width. 

2.3  Rope  tension  is  monitored  throu^out  each  test  by  means  cf  strain 
gauge  weig^  bars.  Fig.  2.,  which  are  included,  in  the  rope  circuit.  The 
tension  is  measured  at  a  central  multipoint  strain  gauge  bridge  to  an 
aooura(^  of  * 

2.4  Each  isaohine  has  duplicate  pulley  systems  so  that  2  samples  can  be 
tested  under  similar  test  conditions  simultaneousily. 

Methods  of  Testing 

3*1  The  full  progratsse  of  testing  is  given  in  Table  1  and  this  programme 
was  arranged  around  a  series  of  control  values  of  pulley  diameter,  rope 
tension  and  oyoUng  speed. 

These  oontrol  values  were:- 

Pulley  diameter  2*5  inches  (20d) 

Rope  tension  140  lb*  (7^  of  the  nominal  breeddng 

strength  of  the  rope) 

Oyding  speed  25  oyoles  per  minute 


The  original  programme  oalled  for  alternative  pulley  diameters  of 
2.25  inohes  Cl8d)  and  2*75  inches  (22d),  alternative  rope  tensions  of 
12^  and  18^  of  the  ncmdnal  breaking  strength  of  the  rope  and  alterxiative 
(poling  speeds  of  18  and  50  cycles  per  minute.  The  initial  tests, 
however,  indloated  that  oyloing  speed  might  not  materially  affeot  the 
results  and  in  order  that  a  saving  in  test  time  could  be  made,  the  first 
of  the  cycling  speed  alternatives  was  changed  to  100  oyoles  per  minute. 

It  was  also  ooiisidsred  that  this  change  mi^t  give  a  praotioal  advantage 
when  the  final  test  oondltions  were  evaluated. 

3.2  For  each  type  of  test  carried  out,  a  minimum  of  6  samples  were  tested 
6md  a  length  of  approximately  21  feet  was  needed  for  each  of  these 
individual  tests* 

3*3  During  the  period  of  each  individual  test  the  machine  was  stopped  a 
number  of  times  for  inspection  of  the  rope>pulley  contact  areas.  The 
extent  of  wear  and  the  numbers  of  visible  wires  broken  at  each  of  the  5 
pulley  positions  was  recorded  at  each  of  these  inspeotions.  Tables  2  to 
28  show  the  progression  of  wire  failures  for  each  test  series.  When 
more  than  12  wire  breaks  were  found  at  any  one  pulley  position  the  test 
was  discontinued* 


3*4  At  the  oonolusion  of  the  endurance  teat  programme  the  breaking  strength 
of  approximately  a  quarter  of  tlie  samples  was  determined.  Each  sample  was 
tested  at  the  positions  idiere  it  had  been  in  contact  with  pulleys  E,  F  and 
&  and  also  at  an  undamaged  section  of  the  rope. 

3*5  Aa  detailed  in  Report  No.  AID/DEV/9^66,  observations  were  made  on  the 
twisting  effect  as  the  rope  passed  over  the  vazdous  pulleys  and  on  the 
degree  cf  transverse  slipping  between  the  pulley  surface  and  the  rope. 
Records  were  also  kept  of  angular  pulley  slip  during  each  period  between 
inspections. 

4*  Test  Results 


4*1  Tables  2  to  28  show  the  number  of  visible  wires  broken  during  the 
course  of  Individual  test  in  each  of  the  test  series.  These  details 
are  listed  separately  for  each  of  the  3  pulley  positions  E,  F  and  G.  The 
numbers  of  wire  breaks  at  pulleys  D  and  H  were  so  few  that  only  the  totals 
at  the  end  of  each  test  are  given.  The  information  listed  in  these  tables 
has  been  plotted  graphically,  in  the  form  used  in  report  No.  AID/ijeV/9V66 
figures  2  to  19  and  22.  It  Is  considered,  however,  that  to  include  the 
large  number  of  graphs  necessary  to  cover  the  whole  programme  would  defeat 
the  object  of  prc^dlng  readily  comparable  values  for  all  the  variables 
involved.  To  overcome  this  difficulty  a  statistical  analysis  of  all  the 
results  is  being  prepared  with  the  assistance  of  the  Mathematical  Department, 
Royal  liroraft  Establishment,  and  will  be  presented  in  Paz>t  2  of  this  Report. 

4.2  A  series  of  residual  breatking  strengths  from  damaged  seotions  of 

a  number  of  the  rope  samples  used  in  the  programme,  is  given  in  Table  29  and 
these  values,  ez^ressed  as  a  pero'^ntage  of  the  breaking  strength  of 
undamaged  seotions  of  the  same  r -ys,  are  shown  graphioally  agairjst  numbers 
of  visible  broken  wires  in  Figure  3* 

4.3  As  eaoh  test  progressed  it  was  found  that  the  rope  sample  stretched 
sli^tly,  this  extension  was  measured  and  recorded  at  eaoh  inspection.  The 
vedues  noted  for  eaoh  of  the  series  tested  at  100  oyoles  per  minute  and  at 
the  three  tension  levels  (i.e.  test  type  numbers  1,  10  and  19;  4,  13  and 
22;  and  7>  and  26)  are  shown  in  Tables  30  to  38.  All  these  extensions 
wore  ooUated  into  a  series  of  intervals  of  numbers  of  oyoles  and  are  shown 
In  Itebles  39  to  41.  The  average  extension  for  eaoh  Interval  was 
oaloulated  and  plotted  agalxvst  the  logaxdthm  of  the  mean  number  of  oyoles 
within  eaoh  interval,  this  greph  is  shown  at  Figure  4. 

4.4  As  was  mentioned  In  report  number  AID/DEV/9^66  an  attempt  was  made  to 
evaluate  the  amount  of  angular  pulley  slip  vhioh  occurred  during  each  tet^t. 
Readings  were  taken,  at  eaoh  litspeotion,  of  the  angular  pulley  movement 
relative  to  a  datum  point  In  the  machine  fi'ame^.  In  order  to  get  a  more 
detailed  understanding  of  this  movement,  a  series  of  time-lapse  oine 
photographs  were  taken  during  the  whole  period  of  some  of  the  tests.  These 
photographs  indicated  a  random  movement,  both  olookwise  and  anti-olookwise, 
and  one  series  even  showed  a  reversal  of  direction  daring  the  test.  The 
total  amount  of  movement  also  varied  considerably  from  a  pairt  of  one 
revolution  to  several  complete  revolutions.  In  view  of  this  evidence  it 
was  considered  impossible  to  give  aoour  te  values  for  this  slip  and  the 
figures  recorded  have  been  ignored* 
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5«  Disouasion  of  Results 

5*1  Part  2  of  this  report  covers  the  effects  due  to  variations  of  pulley 
size,  rope  tension  and  cycling  speed  as  shown  by  a  statistical  analysis 
of  the  whole  aeries*  Comparative  graphs  have  been  plotted  and  these  have 
confirmed  that  considerable  increases  in  rope  life  can  be  obtained  by  small 
increases  in  the  rope/pulley  diameter  ratios  and,  as  might  be  expected, 
increased  rope  tension  considerably  reduces  the  rope  life*  An  unexpected 
increase  in  rope  life  was  found  to  result  fi*an  an  increase  in  cycling 
speeds* 

5*2  The  earlier  report  indicated  that  the  moat  significant  factor  was  the 
damaging  effect  of  small  wrap  angle  pulley/rope  ccsnbinations*  The  wire 
wear  and  fatigue  failure  observed  throughout  the  iriiole  series  of  tests  has 
confirmed  this  supposition  as  this  damage  has  been  confined  almost  ^ 
exclusively  to  those  pulley  positions  which  have  an  an^e  of  wrap  of  15  • 

5*3  At  the  conclusion  of  all  the  endurance  tests,  approximately  a  quarter 
of  all  the  test  samples  were  subject  to  tensile  test  to  establish: - 

(a)  the  breaking  strength  of  an  undamaged  portion  of  the  rope  sample, 
and 

(b)  the  residual  breaking  strength  at  each  of  the  three  pulley 
positions  £,  F  and  G* 

As  will  be  seen  from  Table  29  and  Figure  3  there  is  no  obvious  relation¬ 
ship  between  the  number  of  visible  broken  wires  and  residual  breaking 
strength.*  In  view  of  this  a  number  of  the  broken  samples  idiioh  had 
given  ICT  residual  strengths  were  examined*  This  examination  revealed 
that  those  samples  which  had  been  tested  at  the  highest  cycling  speed 
an^or  at  the  hi^st  rope  tensions  esdiibited  wear,  indentation  and,  in 
some  instances,  fatigue  failure  of  the  wires  foming  the  central  strand* 
During  the  early  tests,  which  were  all  carried  out  at  the  lower  cycling 
speeds  and  at  the  lowest  rope  tension,  a  similar  examination  of  the 
samples  which  were  tensile  tested,  gave  no  indication  of  wear  or  fatigue 
in  the  central  strand. 

5*4  The  extension  of  the  wiro  rope  used  in  this  series  of  tests  would 
appear  to  be  dependent  on  the  number  of  reversals  to  idiioh  it  is  subjected 
and  also  to  its  tension*  The  pulley  diameter,  within  the  limits  used  in 
the  tests,  would  seem  to  have  virtually  no  effect  on  this  extension* 
Extension  values  from  all  the  tests  carried  out  at  100  cycles  per  minute 
and  at  each  of  the  three  rope  tensions  were  examined  and  it  was  found 
that  th-^^  extension  largely  occurs  in  the  early  stages  of  testing  and  is 
directly  proportional  to  the  logarithm  of  the  number  of  cycles  undergone* 
Figure  4  shows  this  rolationship  for  each  rope  tension*  The  greatest 
amount  of  extension  noted  was  less  than  0*15^  of  the  original  le<jgth  of 
the  rope  sample. 

Before  installation  in  an  aircraft  control  system,  most  wire  ropes 
are  pre^stressed  to  a  load  equal  to  approximately  60^  of  the  nominal 
breaking  load.  As  none  of  the  test  lengths  of  rope  used  in  this 
programme  have  been  subjected  to  this  pre-strossing  it  cannot  be  assumed 
that  the  amount  of  extension  noted  will  be  completely  similar  to  that 
which  takes  place  during  the  working  life  of  a  control  rope.  The  figures 
obtained,  however,  could  provide  designers  and  inspectors  with  a  vtsefvil 
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indication  of  the  percentage  extension  which  might  be  expected  at  various 
stages  of  the  life  of  any  control  system  rope  of  similar  size  and 
oonstruotion  to  that  used  in  these  tests* 

f5«5  Time“lapse  oinephotogiaphy  and  observation  during  the  course  of  the 
various  tests  has  established  that  some  slipping  occurs  between  pulley 
and  rope,  to  i»  greater  or  leaser  extent  at  all  the  pulley  positions 
^irrespective  of  the  wrap  angle,  although!  it  has  not  been  possible  to 
obtain  j<®liab,le  values  for  the  amount  of  th-.s  slip.  Prom  the  information 
vdiieh  has  been  obtained,  hcwtvsr,  it  would  seem  probable  that  this  slip 
iclg^t  sontr3,buts  some  alight  wear  to  the  rope  surfaces  in  contact  with  the 
Xjul3ey» 

Gi  Conelxisions 

^-1  As  was  reported  earlier  the  most  sigiifioant  factor  shown  by  these 
tests  la  the  considerable  aaoimt  of  damage  sustained  by  the  rope  where  it 
passes  over  a  pulley  with  a  small  wrap  angle;  furthermore,  the  only 
visible  broken  wires  were  those  which  had  been  in  direct  contact  with  the 
pulley  and  idiioh  showed  considerable  wear. 

As  a  z\)pe  passes  over  a  pulley  the  lelical  formation  of  its  outer 
strands  imparts  to  it  a  twisting  action.  Photographic  evidence  during 
the  early  testa  showed  that  when  the  angle  of  wrap  between  rope  and  pulley 
is  90°  or  more,  this  twisting  movement  is  quite  smooth  with  no  sign  of 
suparimposed  movements  transverse  to  the  general  direction  o/  twist* 
Similar  evidence  from  sections  of  irope  adjacent  to  the  15*^  angle 
pulleys  shows  this  same  twisting  movasent  but,  with  a  series  of  small 
movements  superimposed,  these  are  transverse  to  and  in  the  reverse 
direction  to  that  of  the  general  twisting  riOvemort.  Those  movomests  can 
be  directly  related  to  the  number  of  strauds  passing  over  the  pulley*  It 
would  appeeu?  that  with  these  small  wrap  angle  conditions  the  z\opo  twists 
but,  at  the  points  where  each  strand  passes  over  the  pulley  and  t^en  the 
friction  between  rope  and  pulley  is  at  a  mlnimun,  a  small  amount  of  the 
twist  is  released*  The  rope  thus  passes  over  the  pulley  in  a  series  of 
twists  and  partial  releases,  these  movements  are  considered  to  be  dii*ectly 
responsible  for  the  rapid  wear  of  the  wires  which  are  in  direct  contact 
with  the  pulley  surface.  The  greater  contact  area  of  the  90°  wrap  angle 
pulleys  no  doubt  restrains  this  reverse  movement  and  could  account  for 
tlje  very  few  wire  breaks  observed  at  these  pulley  positions*  It  had 
been  hoped  to  cany  out  further  work  to  completely  investigate  this 
mechanism  of  wear  and  subsequent  fatigue  failure  but  this  has  not  yet 
been  possible* 

6*2  Althou^  the  early  tests  had  indicated  that  this  method  of  endurance 
testing  would  tend  to  confine  the  wire  failure  to  the  external  contact 
surfaces  of  the  rope  the  later  tests  have  shown  that  this  supposition  is 
not  true  for  all  the  various  conditions  of  test  involved  by  the  programme. 

Examination  of  many  more  of  the  endurance  test  samples  will  be 
necessaxy  to  obtain  precise  information  of  the  conditions  of  test  which 
produces  fatigue  failure  of  surfaces  wire  only  and  of  those  conditions 
which  result  in  both  external  and  internal  wire  damage  and  failure.  The 
information  so  far  avedlabls  suggests  that  an  acceptance  criterion  should 
be  based  on  residual  strength,  as  in  the  American  speoifications,  rather 
than  on  numbers  of  visible  wire  breaks. 
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6*3  This  programme  of  testa  has  completely  confirmed  that  both  the  pulley/ 
rope  diameter  ratio  and  the  rope  tension  have  a  very  critical  effect  on 
the  endurance  life  of  the  wire  rope*  Althou^  no  hard  and  fast  minimum 
values  for  all  sizes  and  constructions  oan  be  foimulated  without  more 
exper-imental  work  it  is  considered  that  puUey/rope  diameter  ratios  below 
20  and  rope  tensioning  loads  greater  than  7^  of  the  specified  ncadnal 
breaking  load  should  be  avoided  in  control  system  design* 

6*4  Because  of  the  many  oombinatioris  of  test  conditions  whioh  had  to  be 
met  by  the  programme,  and  in  order  to  obtain  a  useful  amount  of  infoi-ma- 
tion  in  the  shortest  time,  only  one  size  of  rope  was  tested*  In  view  of 
this  limitation  it  is  not  yet  possible  to  specify  final  test  conditions 
whioh  could  be  incorporated  in  the  relevant  British  Standairds* 

The  statistical  analysis  detailed  in  Part  2  of  this  report  (due  for 
publication  in  approximately  6  weeks  time),  provides  information  for 
tentative  recommendations  for  the  test  oondltions  whioh  could  be  e:qpeoted 
to  give  the  most  consistent  endurance  values  with  a  test  duration 
comparable  with  existing  methods*  The  conditions  are  being  included  in 
the  current  test  programme  and  it  is  ejected  that  the  additional  informa¬ 
tion  required  for  more  definite  reoommendatioxis  should  be  available  within 
the  next  12  months* 

6*5  Althou^  the  work  covered  by  this  report  has  not  yet  resulted  in 
oonorete  proposals  for  an  enduranoe  test  whioh  could  be  included  in  the 
British  Standard  Specification  for  flexible  wire  ropes  for  aircraft  flying 
controls  it  has  provided  a  new  test  method  whioh  is  considered  to  be  more 
realistic  than  existing  methods  and  it  has  also  provided  information  on 
the  behaviour,  under  oondltions  similar  to  those  lui  an  aircraft  circuit,  of 
wire  rope  whioh  should  be  very  useful  to  aircraft  designers  and  wire  rope 
manufacturers* 

7«  Further  Work 

7*1  The  whole  programme  of  testing  detailed  in  this  report  was  oaz*ried 
out  on  the  maohines  bidLlt  to  the  original  design  described  in  Report  No* 
AID/EEV/92/66  and,  as  was  envisaged  in  this  report,  these  machines  have 
proved  very  successful  for  this  type  of  research  programme*  Further 
work  to  evaluate  test  parameters  for  other  rope  sizes  and  constructions  and 
to  determine  the  effects  on  rope  life  of  coating  pulley  surfaces  with 
non-metallio  matezdals  is  contemplated*  However,  as  this  maohine  design 
is  not  considered  to  be  suitable  for  production  testing,  a  new  machine 
has  been  designed  «md  built  and  is  illustrated  at  Photograph  B  and  Figure  3* 
This  machine,  while  still  simulating  the  more  severe  conditions  likely  to 
occur  in  aircraft  control  systems,  is  compact  and  oan  teat  8  comparatively 
short  rope  samples  at  any  of  the  various  conditions  of  test  likely  to  be 
suggested  for  inolusion  in  the  specifications* 

Preliminary  tests  have  shovra  that  the  pattern  of  wire  wear  and  mode 
of  failure  produced  by  the  new  machine  is  very  similar  to  that  produced  by 
the  original  maohiMs*  A  new  programme  of  testing  has  been  staj-ted  with 
this  new  equipment  to  establish  that  the  results  obtained  are  comparable 
with  those  obteined  in  the  original  maohines. 
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PESCBSTAGE  REDUCTION  IS  STRENGTH  DUB  TO  iPRN  AND  BBOm  WIRES 
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rEttCEKTAGE  HatWiuON  xN  5TKi!af(?rti  JUiS  TO  WOBH  AND  BROKEN  WIRES 
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PERCEHTAGB  SEDUCTION  STREKaTH  DUE  TO  »QfiN  AMD  BRl/KEK  WIBES 
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FBHUBMTAOB  BBDUCTION  IN  STRENGTH  DUB  TO  WORN  AND  BROKEN 
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Percentage 
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TABLE  29  Continued 


TEST  TYPE  1 


HOPE  TEMSION  140  lb.  PULLEY  BIAKBTER  2.25  INCHES.  3PEEP  100  CYCLES/mUTE 


Cycles 

Coapleted 

Measured  Extension,  Inch 

Sample  Kui&bers 

1 
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3 
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5 
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22,000 
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25,000 

0.102 

0.102 
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0.100 
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0.095 
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0.150 
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0.157 

70,000 

0.181 

0.176 

75,000 

0.158 
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0.242 

148,000 

_ , 
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Kianbera  of  Cyc^^:3  ooapletedy  rounded  off  to  nearest  1000. 
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TEST  TYPE  10 


HOPE  TEIHSIQN  140  lo. 


PULLEY  DIAMETER  2,50  lECH 


SPEED  100  CYCLES/taUTE 


— 

Extension,  Inch 

Cycles 

Completed 

Measured  Sample  Kumbers 

1 

2 

3 

m 

5 

6 

30,000 

0.100 

0.095 

40,000 

45,000 

0.132 

0.105 

0.123 

0.129 

C.214 

0.129 

58,000 

65,000 

0.148 

0,135 

0.144 

0.144 

0.252 

0.169 

60,000 

0.174 

0.142 

0.160 

0.262 

0.176 

84,000 

90,000 

0.162 

0.166 

0.266 

95,0C''» 

100,0i>0 

105,000 

0.177 

0,167 

0.177 

0.176 

0.274 

0.179 

113,000 

0.185 

0.181 

115,000 

125,000 

0.207 

0.182 

0.188 

0.203 

135*000 

0.207 

145*000 

148,000 

0,203 

0.202 

150,000 

0.218 

160^000 

170,000 

0,214 

0.207 

0.225 

Kumbers  of  oyolss  completed  rounded  off  to  nearest  1000. 
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TKSt  Tijt'i:;  iy 

HOPE  TareiOH  140  lb»  PULLEY  BlAMBTgR  2,1'i  INCHES.  SPEED  100  CYCLBS/MIHUTE 


Ueasured  Extension, 

Inch 

Cycles 

Completed 

Sample  Numbers 

1 

2 

3 

4 

5 

6 

100,000 

150,000 

0.177 

0.185 

0.172 

0.173 

0.200 

0.165 

160,000 

0.201 

0.217 

250,000 

251 #000 
260,000 

0.250 

0.210 

0,204 

0,248 

0.223 

0.181 

320,000 

400,000 

0.265 

0.250 

0.230 

0.265 

0.259 

0.222 

401 ,000 
427 #000 

0.281 

0.257 

0.283 

0,269 

438,000 

500,000 

550,000 

0.295 

0.256 

0.298 

0.232 

601 ,000 

1 

0.271 

TABLE  32 

TEST  TYPE  4 

HOPE  TEHSIOK  240  lb,  FJLLEY  BIAMBTER  2*25  INCHES.  SPEED  100  CYCLES/HIHUTE 


Cycles 

Coispleted 

Measured  Extension, 

Inoaes 

Saorple  Numbers 

1 

2 

B 

B 

5 

6 

11,000 

0.160 

15»000 

0.137 

0.123 

0.187 

0.130 

20,000 

0.143 

0,125 

0.151 

0.159 

25,000 

0.203 

0.147 

30,000 

0.169 

0.173 

0.167 

31 ,000 

0,179 

0.198 

34,000 

0.232 

37,000 

0.174 

40,000 

0.187 

41 ,000 

0.233 

43,000 

G.19O 

0.202 

50,000 

0.200 

Numbers  of  cycles  oompieted  rounded  off  to  nearest  1000 


mir<?m  mvwt'  -4  ^ 

k  I  j 


ROPE  TENSION  240  lb.  PULLEY  BIAMSTFR  2.50  INCHES.  SPEED  100  CYCLES/UIMUTO 


Measured  Extension, 

Inch 

Cycles 

Completed 

Sample  Numbers 

1 

2 

3 

■1 

5 

6 

15,000 

0.132 

0.107 

20,000 

0.150 

0.12s 

30,000 

40,000 

0.177 

0.194 

0.188 

0.142 

0.193 

0.250 

45,000 

46,000 

0.218 

0.225 

0.174 

0,280 

60,000 

61,000 

0.231 

0.230 

0.259 

0.196 

0.225 

0.307 

76,000 

0.243 

0.215 

81 ,000 

0.258 

. —  .nJ 

0.283 

u— .. 

_ 

0.220 

0.284 

TABLE  34 


TEST  TYPE  22 


ROPE  TMSIOR  240  lb«  PULLEY  DIAMETER  2,75  INCHES.  SPEED  100  CYCLES/lSDlUTE 


Cysleo 

Completed 

Ueaeured  Extension, 

Inch 

Sample  Nun^ers  j 

1 

2 

3 

D 

5 

6 

30,000 

40,000 

0.253 

0,184 

0.193 

45,000 

0,168 

0.178 

0.198 

52,000 

0.215 

60,000 

0,182 

0,215 

0,210 

0.225 

65,000 

0.287 

0.235 

75,000 

0,208 

0.250 

0.229 

80,000 

0.311 

0,239 

82,000 

0.258 

90,000 

0.257 

95,000 

0.339 

100,00t1 

0.258 

110,000 

0.351 

120,000 

0.287 

125,000 

0.3?4 

130,000 

0.305 

148,000 

0.321 

Numbers  of  cyclss  completed  rounded  off  to  neerest  1000 


TABLE  35 


S  TEST  TYPE  7 

I 

ROPE  TENSION  360  lb>  PULLEY  DIAMETER  2«25  INCHES.  SPEED  100  CYCLES/MINUTE 


Extension,  Inch 

Cycles 

Conpleted 

Heaaured  Sample  Kumbers 

1 

2 

3 

4 

5 

6 

8,000 

9,000 

10,000 

0.149 

0.155 

0.173 

0,172 

0.176 

0.158 

12,000 

13,000 

0.162 

0.172 

0.175 

0.178 

0.193 

17,000 

18,000 

0.185 

0.213 

0.245 

0.210 

0.232 

0.221 

26.000 

0.256 

0.233 

31 ,000 

_ i 

0.295 

0.268 

— 

TABm  36 

TEST  TYPE  16 

HOPE  TaJSION  360  lb,  PULLEY  SIAMETER  2.50  DTOHES.  SPEED  100  CYCLES/MINUTE 


Cycles 

Completed 

Measured  Extension, 

Inch 

Sample  Numbers 

1 

2 

3 

4 

5 

6  ! 

1 _ 1 

10,000 

Oet72 

0,188 

0,191 

0.166 

0.189 

15,000 

0.180 

0,221 

0.226 

0.196 

0.222 

0.220 

20,000 

0,207 

0.237 

0.217 

0.234 

21 ,000 

C.260 

0.266 

25,000 

0.249 

0.276 

0.273 

26,000 

0.265 

0.267 

30,000 

0.256 

0.288 

31 ,000 

0.305 

O.3O6 

35,000 

0.270 

0.300 

37,000 

0.314 

_ 

TABLE  n 


TSST  Tcm  25 


BOPE  mSIOH  360  lb.  PULLEY  DIAMETER  2,75  INCHES.  SPEED  100  CYCLBS/kOlUTE 


Cycles 

Completed 

Measured  Extension, 

Inca 

Saz^le  Numbers 

1 

2 

3 

D 

5 

6 

0.216 

0.253 

0.240 

0.269 

0.226 

0.225 

0.240 

0.284 

0.276 

0.272 

0c284 

0.232 

0.301 

0.336 

32,000 

0.310 

0.308 

0.267 

33,000 

0.313 

37,000 

0.314 

r\ 

40^000 

0.332 

43,000 

0.339 

44,000 

0.323 

0.369 

45,000 

0.331 

0,368 

0,380 

Hvunber  of  cycles  completed  rounded  off  to  nearest  1000 


TABLE  38 


Number  of  Cycles 
Completed 


Frequency  of 
Ueasured 
Extension  Values 


0 

to 

22,500 

2 

22,500 

to 

27,500 

5 

27,500 

to 

32i500 

4 

32,500 

to 

37,500 

8 

37,500 

to 

42,500 

4 

42,500 

to 

47,500 

9 

47,500 

to 

52,500 

0 

52,500 

to 

57,500 

7 

CO 

62,500 

A 

T 

62,500 

to 

67,500 

10 

67,500 

to 

72,500 

2 

72,500 

to 

77,500 

5 

77,500 

to 

85,000 

5 

85,000 

to 

95,000 

9 

95,000 

to 

105,000 

19 

105,000 

to 

137,500 

13 

137,500 

to 

162,500 

15 

162,500 

to 

187,500 

2 

187,500 

to 

225,000 

0 

225,000 

to 

275,000 

5 

275,000 

to 

325,000 

2 

325,00c 

to 

375,000 

0 

375,000 

to 

425,000 

6 

425,000 

to 

475,000 

!  3 

475,000 

to 

525iOOO 

3 

525,000 

to 

675,000 

1 

OaOJ  CTnOIVJVJJ  OM 


TEST  TYPE'S  1 ,  1( 


iSi  100  CYCLES/MmUTE 


Extension  Values  Recorded 
Inch 


Ninlmum 

Maximum 

Average 

0.096 

0.107 

0,101 

0.095 

0.136 

0.107 

0.095 

0.115 

0,104 

0.115 

0.149 

0.131 

0.105 

0,214 

0,143 

0.120 

0,166 

0.138 

0.137 

0.173 

0,150 

0.1 

0.167 

0.148 

0.135 

0.252 

0,169 

0.176 

0.181 

0.178 

0.158 

0.186 

0.175 

0.142 

0.262 

0,183 

0.162 

0.266 

0.190 

0.173 

0.274 

0,190 

0.181 

0.230 

0.199 

0.165 

0.242 

0,205 

0.214 

0.225 

0,219 

0.222 

0.283 

0.254 

0.265 

0.265 

0.265 

0.222 

0.283 

0.254 

0.232 

0.269 

0,253 

0.256 

0.298 

0,283 

0.271 

TABLE  39 


TEST  TYFBS  k,  13  AND  22 


ROI®  TENSION  2W)  lb.  SPEED  100  CYCIES/MINUTE 


. . ■"—I 

NUltBSR  OF  CYCI2S 
COHPISTBD 

'  '  . . . . . 

FREQUENCY 

0?  mEASuIcED 
EXTENSION  VAIIIES 

EXTENSION  VALUES  RECORDED  | 
INCH  1 

MUnUUM 

MAXUam 

AVERAffi 

0  to  12,500 

1 

III 

0.160 

12,500  to  17,500 

7 

0.187 

0.139 

17,500  to  22,500 

6 

mlBm 

0.159 

0.142 

22,500  to  27,500 

2 

ESffl 

0.203 

0.175 

27,500  to  32,500 

10 

0.142 

0.250 

0.182 

32,500  to  37,500 

2 

0.174 

0.252 

0.203 

37,500  to  42,500 

7 

0.184 

0.253 

0.205 

42,500  to  47,500 

9 

0.168 

0.280 

0.204 

47,500  to  52,500 

2 

0.200 

0.215 

0.208 

52,500  to  57,500 

0 

57,500  to  62,500 

10 

0.182 

0.507 

0.228 

62,500  to  67,500 

n 

c. 

0.235 

0*28? 

0.261 

67,500  to  72,500 

0 

72,500  to  77,500 

5 

0.208 

0.250 

0.229 

77,500  to  82,500 

7 

0.259 

0.311 

0.265 

82,500  to  87,500 

0 

37,500  to  92,500 

1 

0.257 

92,500  to  97,500 

1 

0.339 

97,500  to  112,500 

2 

0.258 

0.351 

0.304 

112,500  to 

137,500 

3 

0.287 

0.374 

0.322 

137,500  to 

162,500 

1 

0.321 

TABIE  40 


TEST  a'rreS  7»  16  and  25 


HOIS  SENSION  560  lb.  SHED  100  CYCI£S/UIND!CS 


NOVHBR  OF  CYCIES 
COMPXSnSD 

FHBQOENOY  OF 
SfBASOHQD 

SnSNSION  VAIHES 

EI3ENSI0N  VAimSS  HBCQRDED 
INCH 

MINIHDV 

MAXmDM 

AWSMSP 

0  to  12,500 

13 

0.149 

0.194 

0.175 

12,500  to  17,500 

12 

0.162 

0.226 

0.200 

17,500  to  22,500 

16 

0.185 

0.269 

0.232 

22,500  to  27,500 

12 

0.232 

0.284 

0.266 

27,500  to  32,500 

9 

0.256 

0.310 

0.293 

32,500  to  37,500 

7 

0.267 

0.353 

0.304 

37,500  to  42,500 

1 

0.332 

W,500  to  47,500 

3 

0.323 

0.369 

0.344 

47,500  to  52,500 

3 

0.331 

0.380 

0.360 

!CAB1E  41 


PHOTOGRAPH  A 


PHOTOGRAPH  OP  MACHINE 


WE/CHT  OF  SYSTEM  TO  BE  CALIBRATED 


ST/2/ilN  GAUGE,  NBiGHBAR 


compensating  gauges 


i _ 

COMPENSATING  GAUGES 
iNf/^lNC  DtACBAM 

CPOSS  SECTION  AREA  AT  'A'  VARIES  TO  GIVE  MAX.  LOAD 
RANGES  OF  200,  500  E  KOOO 

GAUGES  SECURED  NfTH  EPOXV  RES/N  AOHES/VE  AND 
WATERPROOFED  hf/TH  AN  EPOXV  RESIN  COATING. 

EACH  GAUGE  NAS  NO  ohtns  NOMINAL  RESISTANCE. 


'Vi3>io>iQ  sa^iM  angtsiA  io  6U 


ION  IN  STRENGTH 


EXTENSION  OF  ROPE  DURING  TEST  PERIOD 


* 

o 


m  MOf9>JBlX3 


6 


NUMBER  OF  CYCLES 


«=»>D£v/00/s,^i 


THIRD  AMGIE  PROJE' 


TURN  BUCKLE  CONNECTING-! 
WEIGHBAR  TO  GRIPS 


/ANCHOR  SCSfiW — > 
COABSE  TENSIONINg\ 

OF  C/ABLB  Vj-f 

k 

STRAIN  gauge  WEIGHBAR- 
MONITORING  ROPE 
TEHS10M  DURING  TEGI  ^ 


MOTOR  STARTER- 


MOTOR  SPEED  CONTSOL- 
CVCUNG  SPEEDS 
VARIABLE  BETWEEN 

R5  AND  too  cvctes/MMgf 


CARRIAGE  WAYS 


S' HOPES - 
UNDER  TE5T 


pBECIPROCATING 
I  PULLEV  CARB/AGES 
I  EACH  CARRYING 
f  4  SET-3  OF.  PULLEYS 


OKIVE  WHEEL  WITH  VARIABLE 
STROKE  SETTINGS. 

length  ,  ^  GROOVE  0!A. 

OF  -P 

STROKE 


I  + 

'  I  . 


v "  ''7 


IT  \ 

rn 

i 

GU _ 

Lj 

— \\ 

— 

\  \ 

- r  _ /TTTv 

n  ^ 

1  /  ?n  p  y 

— JL. 

-ROPE  TENSION:-  7%.\Z%.\9% 
OF  SPECIFIED  MINIMUM 
TENSILE  BREAKING  LO\D. 


^CORRECT  ROPE  ANCLE 
ENSURED  BY  CAUCINC  OIM^'o 
WHICH  VARIKS  AS  THE 
ROPE  9IA. 

^  LOCATING  SLOTS  TO 
ACCOMMODATE  VARIOUS 
PUl.LF.Y  DSAMETERS. 


mGlE  PROIECTiON. 


WITH  VARIABLE 


fiBOOVE  OIA.  G  ,  5 


•05  OLD. 


•0'»x45” 


■TOL.ZONE  002  WIDE 

(tool) 


LLrr 


GnOOVElOUTStOE  ROPe!PUL!-E 
OlA’6'  |d(A.'0’  pi 


2 -58 


2-33 


0672  2-75  I  3  08 


•1007  3-375  3-875 


•1007  3-75 


•1007  4  125  14-625 


■1344  4-5 


•1344 


•1344 


^  ALL  OVER  .  .002  DIA. 

DIA.'G’4  DIA.'B’  DATUM.  CONC.  VOL. 

DIA  ‘B’  '22^0  INTERFERENCE  FIT  WITH 

BEARING. 


R.  A  M.  BEARING 
D.C.E  4 


HARDI«SS;Via(ERS  700 

TOOL  STL.  HARDEN  t  TEMPER  «.  i  r  AO 


pulley/rope  RATIO 


BafS-RiA-x  1075 


DIA.G 
ROPE  DIA. 


